This research work has been undertaken to fabricate environmentally friendly biocomposites for biomedical and household applications. Sponge-gourd fibers (SGF) obtained from Luffa cylindrica plant were chemically treated separately using 5 and 10 wt% NaOH, acetic anhydride and benzoyl chloride solutions. SGF reinforced polylactic acid (PLA) biocomposites were fabricated using melt compounding technique. Surface morphological, structural, mechanical and thermal properties, as well as antibacterial activities of raw and chemically modified SGF reinforced PLA (SGF-PLA) composites were characterized by field emission scanning electron microscopy, Fourier transform infrared spectrometry, X-ray diffractometry, universal testing method, thermogravimetry, and Kirby-Bauer agar diffusion method, respectively. Surface morphology indicates that after treatment of fibers, the interfacial adhesion between PLA and fibers is improved. X-ray diffractometry result shows that chemical treatment of fibers improves the crystallinity and exhibits new chemical bond formation in the composites. After chemical treatment, compressive strength of the composites is found to increase by 10% -35%. The thermal stability of the treated fiber reinforced composites is also found to increase significantly. The composites have no antibacterial activities and no cytotoxic effect on non-cancer cell line. Soil burial test has confirmed that the composites are biodegradable. Benzoyl chloride treatment of fibers shows superior mechanical properties and enhances thermal stability among the composites.
Introduction
Material researchers, engineers and scientists are always determined to produce either improved traditional materials or completely novel materials; composites are an example of the second category. In recent years, the development of biocomposites from biodegradable polymers and natural fibers have attracted great interests in the composite science, because they could allow complete degradation in soil or by composting process and do not emit any toxic or noxious components [1] - [6] .
Among biodegradable plastics, polylactic acid (PLA), a linear aliphatic thermoplastic, has been one of the most promising candidates for various applications, because of its agricultural origin and biodegradability [7] . High-molecular weight PLA is generally prepared by the ring-opening polymerization of lactide which in turn is obtained from the fermentation of corn, sugar beet etc. [8] [9] .
Pure PLA can degrade to carbon dioxide, water, and methane in the environment over a period of several months to two years, compared to other petroleum plastics needing very longer periods [10] [11] . On the other hand, it is well known that the fiber reinforcement is a viable method to improve the material properties of biodegradable polymers and to reduce the overall costs of the prepared materials [12] . Sponge-gourd fiber (SGF) is such a natural fiber extracted from the sponge-gourd plants and is extensively grown in Bangladesh. Recently, uses of SGF as reinforcing material in fabrication of polymer-SGF composites have raised great interest and expectations among materials scientists and engineers [13] - [21] .
The primary advantages of using this fiber as additive in polymer are that it has low cost, low density, non-abrasive nature, high possibility of filling levels, low energy consumption, high specific properties, biodegradability, wide varieties, availability throughout the world and a generation of rural/agriculture based economy. The main components of SGF are cellulose and lignin of which the amount of the former one varies from 55% -90% and the second one is within the range of 10% -23% [19] . Despite its great advantages and scopes, SGF has a drawback that precludes its promising uses in composites fabrication. The disadvantage is that SGF is hydrophilic in nature and its average moisture content is 11 wt% [19] , which reduces its durability. Therefore, it is necessary to modify the fiber surface without genetic manipulation in order to alleviate hydrophilicity of the fiber so that its adhesion with the hydrophobic moiety of polymers can be improved. Effect of chemical modifications on surface morphological, structural, mechanical, and thermal properties of sponge-gourd natural fiber were investigated [22] , where it is reported that the mechanical properties and thermal stability of the chemically modified fibers are found to increase.
Without surface modification of SGF, a few research works have been studied before [20] [21] . In these investigations, the reported mechanical properties such as tensile strength, flexural strength, Young's modulus, and tangent modulus of untreated SGF reinforced composites were less than those obtained by treated [17] . These authors have shown that when the modified fiber is added to polymer matrix, the composites exhibit a significant increase in mechanical properties as compared to the untreated ones. In most of the reported literatures, different natural fibers, such as kenaf [23] , jute [24] , oil palm-EFB [25] , bamboo [26] , hemp [27] , flax [28] , banana [29] etc. have been used to reinforce PLA, where coupling agent and mercerization method for fiber surface treatment has been followed. Besides, to the best of our knowledge, the acetylation and the benzoylation method as well as ultrasonication of SGF have not yet been applied before to observe the structures and properties of SGF reinforced polymer composites. The present study deals with preparation and property evaluation of SGF reinforced PLA bio-composites. In this work, the effect of alkalization, acetylation and benzoylation on the material and antibacterial activities of SGF-PLA composites has been compared and the best treatment method for fiber surface modification has been identified.
Experimental

Materials
PLA in pellet form was purchased from Titan chemical, Pasir Gudang, Malaysia.
SGF were collected from rural area of Jamalpur district in Bangladesh. The as-received SGF were cut carefully to separate the outer mat core from the inner fiber core. Only the outer mat core was used in this study. 3) Benzoylation
The SGF were initially alkaline pre-treated in order to activate the hydroxyl groups of the cellulose and lignin in the fibers. Then the fibers were suspended in 10% NaOH, and 5 and 10 wt% solution of benzoyl chloride for 15 min. The isolated fibers were then soaked in ethanol for 1 h to remove the benzoyl chloride. Then the fibers were sonicated for 1 h at 50˚C in an ultrasonic cleaner. Finally, the fibers were washed with distilled water and dried in an oven at 80˚C for 24 h. and 10TFPCs, respectively. In all of these composites the fiber content is 5 wt%. 
Sample Preparation
Evaluation Methods
Water Intake Observation
Water intakes of the composites were measured according to ASTM: C-67-91.
The test specimens were cut in a size of 6 cm length, 2 cm width and 0.5 cm thickness. The cut samples were kept in an oven at 80˚C for 24 h. It was taken out from the oven and immediately weighed. Let this weight be W i . The samples were then immersed in distilled water of 23˚C and kept for 24 h. It was taken out from the water, wiped by a cloth, dried in air and then weighed. Let this weight be W f . Then the amount of water intake was calculated by the following formula:
Water intake (%) = 100
The above procedures were repeated for 2 days to 30 days for all samples. It is noteworthy that the cut sides of the samples were coated with araldite to prevent from penetrating water into the sample.
Soil Burial Test
The degradation under soil of the composites was performed according to ASTM: G-160. For this method, the samples were kept in an oven at 80˚C for 24
h. It was taken out from the oven and immediately weighed. Let this weight be w i . The samples were then buried under soil kept in a pot. The pot was covered with a plastic net and exposed to atmospheric conditions for 7 days. Readings were taken of the changes in the weight loss of the samples at intervals of 7 days for approximately one month. To determine the weight loss the specimen of each sample was taken out from the soil, wiped by a dry cloth or tissue paper, quickly washed with cold water and dried in an oven at 80˚C to a constant weight. Let this weight be w f . Then the percentage of weight loss was calculated by the following formula:
Weight loss (%) = 100
Fourier Transforms Infrared Spectroscopy
Fourier Transform Infrared (FTIR) spectra of the samples were recorded at room temperature by using a double beam IR spectrophotometer (model: Frontier, FT-IR/NIR Spectrometer, PerkinElmer, Japan) in the wave number range of 650 -4000 cm −1 . For these measurements, the samples were crushed for recording the attenuated total reflectance (ATR)-FTIR spectra in the transmittance (%) mode.
X-Ray Diffraction Technique
The Bruker D8 ADVANCE XRD was used for taking pattern of X-ray diffraction Compressive strength, CS = P/A (4) where P = Maximum load applied to the sample, A = Area of the sample (for the four-sided specimen, A = LW, where L is the length and W is the width of the sample).
Field Emission Scanning Electron Microscopy
The fractured samples of PLAF, UFPC and TFPCs obtained from the compressive strength tests were examined using a field emission scanning electron microscope (FESEM) (model: JSM-7600F, Jeol, Japan) at an acceleration potential of 20 kV. The fractured surfaces of the specimens were sputter-coated with a thin layer of platinum using a JFC-1600 auto fine coater.
Thermal Test
Thermo gravimetric analyzer (TGA) coupled with a differential thermal analyzer (DTA) (model: EXSTAR, TG/DTA 6300, Seiko, Japan) was used in this study.
The samples were heated from room temperature up to 600˚C in a nitrogen atmosphere at a heating rate of 20˚C/min. TGA is used primarily for determining thermal stability of samples. Data are recorded as thermograms of weight versus temperature. /250 µl) were seeded onto 48-well plates and incubated at 37˚C + 5% CO 2 .
Antibacterial Activity Test
Next day, autoclaved samples were added to each well. Cytotoxicity was examined under an inverted light microscope after 72 h of incubation. Duplicate wells were used for each sample. These results indicate that the absorption of water is slower for TFPCs than UFPC. WI is more in UFPC followed by BCT-FPC, ACT-FPC, ALT-FPC for both 5 and 10 wt% treated fiber reinforced composites, and PLAF. Although it is observed that WI value of 5TFPCs is higher than that of 10TFPCs. Untreated SGF is hydrophilic in nature and as a result WI is found to be more in UFPC than that of TFPCs and PLAF. After treatment, the hydrophilicity of the treated fiber decreases as well as a good adhesion of fiber with polymer matrix is established. Consequently WI of TFPCs decreases, as also reported elsewhere [31] .
Results and Discussion
Water Intake
The maximum WI obtained in this study is 43.76 wt% for UFPC.
Weight Loss
The degradation of composites has been evaluated by measuring the weight loss of samples, which have been soil buried in outdoor for 28 days. 
FTIR Structural Analyses
The ATR-FTIR spectra of the PLAF, UFPC, ALT-FPC, ACT-FPC and BCT-FPC are shown in Figure 3 
Crystalline Structure
The Thus, it is clear that the intensity of the first and second peaks increases by fiber treatment, suggesting an increase in crystallinity of the modified composites.
The results also suggest that a close packing takes place in the PLA crystal possibly by the crystal nucleation effect of cellulose molecules after removal of hemicellulose, lignin, pectin, etc. by different treatments. These results are similar to the reported results [33] . Among these samples, the crystallinity is better for 5ALT-FPC than others.
Compressive Strength
The compressive strength (CS) test results for PLAF, UFPC, and 5 and 10TFPCs
are shown in Figure 6 porosity of foam type PLA and an enhancement in mechanical bond strength [34] . It is observed that the formation of cracks is extended in the specimens without fibers. However, the increase in CS due to SGF inclusion can be attributed to the improvement in the mechanical bond strength between the fibers and matrix where the fibers contribute to delay of micro-crack formation and stop their propagation afterwards up to a certain extent of fibers volume fraction and Figure 9 (c), it is clearly seen that the interfacial adhesion between PLA matrix and SGF powder of 10TFPCs are also found to be improved than that of 5TFPCs. temperature at 50% weight loss is considered as the thermally stable temperature for the sample [37] . The on-set temperature (T o ), the stable temperature (T S ), and the end-set temperature (T e ) values evaluated from the TGA curves of the samples are introduced in Table 1 . From the results presented in Table 1 , it is clearly seen that the sample 10BCT-FPC is thermally more stable than others. Table 2 .
Surface Morphology
Thermal Analyses
The observed results strongly suggest that the benzoyl chloride treated fiber reinforced PLA composites are thermally more stable than others and the chemical treatments of SGF result in slow thermal decomposition. This may be connected to the different decomposition behaviors of the molecules of the differently treated SGF. The decomposition of the parent molecule, benzoyl chloride, is highly condition-dependent with the sample heating rate and temperature of decomposition playing a preponderant role in the course of the decomposition [38] . The degradation of SGF reinforced PLA composites have been ascribed by the dissociation of C−C chain bonds along with H-abstraction at the site of dissociation [39] . 
Antibacterial Activities
Cytotoxicity of the Composites
Conclusion
The so that non-cancer cell will be grown and these are not harmful to use in human body for medical purposes. The composites, prepared by treated SGF can be used by substitute of the non-degradable composite materials.
